In this paper, we have identified and analyzed the emergence, structure and dynamics of the paradigmatic research fronts that established the fundamentals of the biomedical knowledge on HIV/AIDS. A search of papers with the identifiers "HIV/AIDS", "Human Immunodeficiency Virus", "HIV-1" and "Acquired Immunodeficiency Syndrome" in the Web of Science (Thomson Reuters), was carried out. A citation network of those papers was constructed. Then, a sub-network of the papers with the highest number of inter-citations (with a minimal in-degree of 28) was selected to perform a combination of network clustering and text mining to identify the paradigmatic research fronts and analyze their dynamics. Thirteen research fronts were identified in this sub-network. The biggest and oldest front is related to the clinical knowledge on the disease in the patient. Nine of the fronts are related to the study of specific molecular structures and mechanisms and two of these fronts are related to the development of drugs. The rest of the fronts are related to the study of the disease at the cellular level. Interestingly, the emergence of these fronts occurred in successive "waves" over the time which suggest a transition in the paradigmatic focus. The emergence and evolution of the biomedical fronts in HIV/AIDS research is explained not just by the partition of the problem in elements and interactions leading to increasingly specialized communities, but also by changes in the technological context of this health problem and the dramatic changes in the epidemiological reality of HIV/AIDS that occurred between 1993 and 1995.
The structural network analysis performed by Cytoscape showed that the distribution of the indegree in this network fitted a power law function (y=ax^b, a=51,954, b=-1.79, correlation=0.827, R-squared=0.909). This means that a very small number of papers receive the overwhelming majority of citations while most papers receive few if any citations [31, 35].
We selected papers with an indegree ≥ 28, that is, 5,933 documents. Together, these papers receive 63% of the inter-citations that form the whole network (42,8911 of 679,497), and would represent a relevant part of the historical core of the HIV/AIDS research as it was explained in the methodology section. These 5,933 highly cited papers formed a network of 86,963 inter-citations (Fig 1) . The cluster network analysis identified fourteen clusters (or modules as defined by Newman). However, one cluster were too small to be considered relevant research fronts. The thirteen clusters were formed by 12,303, 9,115, 7,407, 6,746, 5,680, 4,763, 4,696, 3507, 2,861, 2,768, 2,597, 2,053, and 1,662 inter-citations.
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The organization and dynamics of the research fronts
The main interaction among the seven research fronts is shown in Fig 2. In this figure, each of the research fronts is represented by a single node, and the edges represent the sum of the intercitations among the fronts (Fig 2) . Therefore, this graphical synthesis allows us to understand how the paradigmatic core of HIV/AIDS research was organized. However, the complete panorama can Table 1 and S1 Table. Fig   3A) , between 1996 and 1999 ( Fig 3B) , and between 2004 and 2007 ( Fig 3C) . S1 Table provides the detailed description of each research front, including its structural features; the main topics of each research fronts according to the text mining analysis, and the list of the papers with the highest indegree within each research front. Table 1 Table 1 ). That is, at the core of the network is located the front 1 "patient" (Figs 1 and 2) which focus on the study of the HIV/AIDS phenomenon at individual-systemic level.
Surrounding front 1, there are research fronts (Front 3 "isolate," front 9 "Cytotoxic T lymphocyte" and front 10 "brain" in Fgs 1 and 2) that are related to the study of specific events of the disease at cellular level (Table 1 and S1 Table ) . In the most external part of the network model there are most of the fronts related to the study of molecular structures and mechanisms (Front 5 "reverse transcriptase inhibitor" front 6 "assembly," front 7 "protease inhibitor" front 8 "integration," front 11 "replication," front 12 "nucleocapsid" front and 13 "infectivity"; see Figs 1 and 2 and Table 1 and S1   Table) . On the other hand, Front 2 "glycoprotein 120" and front 5 "reverse transcriptase inhibitor"
are strongly connected to front 1 "patient" (Figs 1 and 2 ) However, the research in these fronts (2 and 5) is oriented to the development of treatments (immuno-therapies and small molecules drugs, respectively), which may explain their strong connection to front 1. Notice that fronts 3 and 2 function as transition zones in HIV/AIDS research connecting the different levels of observation (systemic, tissular-to-cellular and molecular) (Figs 1 and 2 ).
On the other hand, the research fronts clearly can be grouped in three different periods of time in which the fronts reach their maximum number of papers per year : 1990-1991, 1996-1999 and 2004-2007 (Fig 3) . In order to properly read (Fig 3 and S1 Table) . The peaks in figure can be considered a delayed response to fundamental events and discoveries in the history of HIV/AIDS research. A third consideration is that the network model is made from the ten percent of papers with the highest indegree.
Therefore, the succession of research fronts observed in Fig 3 does not mean the end of the research on specific topics but that these topics are not longer in the core of HIV/AIDS research. relevant the topics related to these fronts.
Discussion
According to the Cytoscape analysis, the network of HIV/AIDS papers displays a power law distribution of their citations, which has important methodological implications. The first implication is that a research front (a citation network module) could be formed by other research fronts, which in turn can be partioned into sub-modules [44] . The second implication is that the nodes (papers) with the highest indegree tend to be more "cosmopolitan" i.e., they have the lowest clustering coefficient values [44] . That is, they could belong simultaneously to several fronts or any of them.
Therefore, there are not clearly defined frontiers dividing the research fronts. However, the standard in the scientometrics study of research fronts seems to be to use clustering methods that define frontiers between the modules [14, 17, 18, 24, 25, 27, 28], probably because this is make much more understandable the community structure in a literature network. Moreover, our analysis reveals the front that is most relevant to each paper. Finally, the most important implication is that Once the HIV was recognized as the etiological factor HIV/AIDS research entered in normal science mode that is characterized by a high productivity and for a specialization of the researchers. By specialization we refer to "concentrate exclusively upon the subtlest and most esoteric aspects of the natural phenomena that concern his group" This is the first time that the complex organization (and the evolution) of HIV/AIDS research is reported. Our research provides fundamental knowledge concerning the emergence of the paradigmatic explanation for HIV/AIDS and therefore makes a contribution to the understanding of the nature of biomedical knowledge. In addition, our work suggests that the development of the paradigmatic knowledge on HIV/AIDS in terms of the emergence and evolution of the research fronts followed two different routes. First, the emergence of the specialized fronts (molecular mechanism and structures and cellular process) was caused by the division of the general problem in their key process, element and interactions, which is related to the concept of part-whole science. Second, the dynamics of the fronts, particularly the evolution of front 1 "patient" and 2
"isolate", appears to represent an adaptive and collective response from the scientific community to changes in the epidemiological (the decline in the morbidity and mortality of AIDS in the USA) and technological (the availability of treatments and screening tools) context of this health problem.
